Background. The problem of effective treatment of dentin hypersensitivity is still valid and not fully resolved.
The problem of effectively treating dentin hypersensitivity is still valid and not fully resolved. An effective preparation used to eliminate hypersensitivity of dentin should have the following characteristics: it should be gentle to the pulp and not irritate it, quickly produce the desired therapeutic effect, be easy to apply, provide longlasting therapeutic effect, not cause pain during application, cannot discolor teeth. Despite many attempts, a formulation that meets all the expectations of dentists and provides full clinical efficacy has not yet been developed.
As new materials and preparations used in dentistry emerge and improve, assessments of their effectiveness are accompanied by research of the potentially harmful effects they may have on soft tissue of the mouth, i.e. pulp, mucosa, gum tissue. 1−3 In order to analyze cell cytotoxicity of bonding systems and dental preparations based on polymer resins, tests carried out in accordance with a variety of research protocols are used for that purpose. Bacterial cultures are exposed to complex compounds or extracts of individual components that constitute these substances.
One of those tests is based on measuring mitochondrial dehydrogenase activity (the MTT assay), a part of the classic canon of tests used to assess cytotoxicity. This allows us to measure various changes reflecting the cytotoxic activity, e.g. the number of live cells, sometimes in combination with an assessment of membrane integrity, an indication of enzymatic activity associated with the metabolism of the cell, a determination of the ability of cells to divide or an indication of the total content of protein or DNA in the cell cultures. The quality of results obtained in these tests is influenced by many factors, including the stability of the cell line used, the validation of the study protocol, and the optimal choice of techniques corresponding to the needs of a given research. 4 The aim of the study was to evaluate the potential toxicity against body tissues of the experimental preparation which is supposed to reduce dentin hypersensitivity and to compare it to a commercial formulation Seal & Protect (Dentsply) by means of measuring the activity of mitochondrial dehydrogenases (the MTT assay).
Material and methods
The study used an original protective formulation which is supposed to eliminate the hypersensitivity of dentin. The formulation contains PMMAn monomer (2-(7--methyl-1,6-dioxo-2,5-dioxa-7-oktenylo) trimellitic anhydride) with adhesive properties, as well as anhydride and carboxylic functional groups which are reactive to dentin. PMMAn does not contain a potentially therapeutic fragment, so, in addition, the formula has been enriched with a therapeutic ingredient − triclosan (≈ 5%). Methacrylate resin with a photoinitiator system constitutes ≈ 50% of the preparation. Moreover, ≈ 3% of hydroxyapatite nanopowder (HA) and ≈ 1% of potassium fluoride (KF) was also added. Anhydrous acetone was used as the organic solvent in this formulation, constituting ≈ 31% of its total amount. A commercial preparation Seal & Protect (Dent sply) was used as the comparative material (Table 1) .
Measurement of mitochondrial dehydrogenase activity (the MTT assay)
Cytotoxic activity of the tested preparations (experimental and commercial) on murine lymphocyte cells CCL-1 ™ (NCTC clone 929) (Figs. 1, 2) was determined in indirect contact with the use of the MTT test that measured the activity of the mitochondrial dehydrogenase 
Methodology of tests

Extraction of non-polymerized preparations
Twenty-five mL of the tested preparations (experimental and commercial) was added to each plate. In order to obtain the desired dilution, volume presented below were used: 1 : 5 dilution of 25 mL + 100 mL of culture fluid (DMEM); 1 : 10 dilution of 25 mL + 225 mL of culture fluid (DMEM); 1 : 15 dilution of 25 mL + 350 mL of liquid culture medium (DMEM).
The solvents were evaporated for 3 days at 37°C in an incubator with the plates secured against uncontrolled evaporation of the liquid. Afterwards, the formulations were extracted. Extractions were performed in an incubator at 37°C with the plates secured against uncontrolled evaporation of the liquid. The following mixture volumes: 5 µL, 2.5 µL and 1.6 µL were used to obtain subsequent dilutions.
Extraction of the polymerized preparations
Twenty-five mL of the tested preparations (experimental and commercial) were polymerized before the extraction with a polymerization lamp halogen − HILUX 200 (600 mW/ cm 2 ) -Visible Light Curing Express for dental applications. After extracting the polymerized and unpolymerized preparations, pH was measured (pH-indicator strip) in the obtained extracts. Neutralization took place in the pH range of pH 7.2-7.3.
Murine lymphocyte cells CCL-1 ™ after treatment with the tested agents (experimental and commercial preparation) were rinsed and then added to a solution of MTT to give a final concentration of 1.1 mM and the culture was continued for 4 h. After this time, the cells were centrifuged, the supernatant was poured off and DMSO was added to the cells for 20 min to obtain a dissolution of formazan. The solution was collected after 20 min to determine the optical density (OD 550 ) using an automatic spectrophotometric reader at a wavelength of 550 nm. 6-fold repetition of the measurements was used for each plate of polymerized and unpolymerized preparations. The values of mitochondrial dehydrogenase MTT, which determine the percentage of live cells for the tested formulations, were calculated based on the formula:
Percentage of cytotoxicity (% dead cells) was determined from the following formula:
where: AB − absorbance of tested sample, AK − absorbance of control sample. 
Statistical methods used for analysis of the results of the MTT asssay
As part of the statistical analysis of the results of research on the measurement of mitochondrial dehydrogenase activity in the MTT assay, estimate values of basic descriptive parameters were calculated: the arithmetic mean, the expected value, standard deviation, minimum and maximum values, as well as the median and quartiles (first and third). At the same time, distribution in each analyzed case was (positively) verified in relation to the normal distribution (Shapiro-Wilk test). Thus, it became possible to use a parametric test of significance: Uniformity test of 3 means (ANOVA) − for differences due to the dilution and a test for two means from the point of view of the differences between the formulations. In justified cases, when there was a significant difference, a test of homogeneity of 3 means was supplemented with comparisons of means in pairs (each with each) using Tukey's least significant difference NIR algorithm (multivariate post-hoc analysis). Tests for two means were preceded each time with a test for two variances, which allowed the correct choice of test variant for two means. Statistical analysis of the data was performed using the program STATISTICA v. 6.0 (StatSoft/Sum license).
Results
The values obtained from measurements of the activity of mitochondrial dehydrogenase MTT which reflect the percentage of live cells for the tested preparations − commercial and experimental -were converted on the assumption that the MTT assay allows for the determination of the "vitality" of the cells treated with the tested formulations. To determine the indirect cytotoxicity (% dead cells in the MTT test) a formula to establish the CT% value was used. The results, including the mean value and standard deviation (SD) for the experimental and commercial formulations and each dilution (1 : 5, 1 : 10, 1 : 15), obtained after 24 h and 7 days, are presented in Tables (2, 3) and Figs. (3) (4) (5) (6) . In the first step of the analysis, a comparison of the mean percentage of cytotoxicity in both experimental and commercial preparations obtained from the MTT assay after 24 h and 7 days was made. The results of the tests for 3 means, obtained according to the dilution of preparations (1 : 5, 1 : 10, 1 : 15 ratios), are shown in Tables 2 and 3 with indication the level of significance (p) corresponding to it. In those cases where the significance of differences was demonstrated, the arrow shows p values related to the comparison of the mean value pairs.
The next stage was a comparison of mean cytotoxicity values obtained for the experimental and commercial formulations in the MTT assay for particular dilution values of those preparations. The results of the tests for 2 means are presented in Figs. [3] [4] [5] [6] . P values are shown over the columns which reflect the compared means.
In the case of unpolymerized solutions assessed after 24 h, higher cytotoxicity values were obtained for the commercial preparation (Seal & Protect from Dentsply) when compared to the experimental formulation in all tested dilution ratios. The compared results showed very high statistical significance (p < 0.001) (Fig. 3) .
In the case of unpolymerized solutions assessed after 7 days, higher cytotoxicity values were obtained for the commercial preparation (Seal & Protect from Dentsply) when compared to the experimental formulation in all tested dilution ratios. The compared results showed very high statistical significance (p < 0.001) (Fig. 4) .
In the case of polymerized solutions assessed after 24 h, higher cytotoxicity values with very high statistical significance (p < 0.001) were obtained for the commercial preparation (Seal & Protect from Dentsply) after a comparison to the experimental formulation when both preparations were diluted with a ratio of 1 : 5. When the dilution ratios were 1 : 10 and 1 : 15 for both preparations, higher cytotoxicity values were obtained for the experimental formulation, in comparison to the commercial preparation (Seal & Protect from Dentsply), which featured high statistical significance (p < 0.01) (Fig. 5) . In the case of polymerized solutions assessed after 7 days, higher cytotoxicity values with very high statistical significance (p < 0.001) were obtained for the experimental formulation diluted with a ratio of 1 : 5. Other comparisons did not demonstrate any statistical significance (Fig. 6) .
A comparison of the results obtained in the MTT assay for the commercial preparation Seal & Protect (Dentsply) and the experimental formulation indicates that an experimental formulation has considerably lower cytotoxicity before polymerization, when compared to the commercial formulation, regardless of its dilution. However, after the completion of polymerization of the commercial formulation, its parameters improved significantly, especially for higher dilution values (1 : 10 and 1 : 15). Results for the experimental formulation are higher particularly for the dilution value of 1 : 5. After polymerization, parameters of both commercial preparation Seal & Protect (Dent sply) and experimental formulation are considerably improved. Mean cytotoxicity values are reduced, which is particularly evident for the commercial preparation Seal & Protect (Dentsply), due to the fact that the formulation had relatively high average values of cytotoxicity before the polymerization. Reduction of the mean values of cytotoxicity of the experimental formulation is less spectacular due to the low initial value of average cytotoxicity, which it had before the polymerization.
Overall summary of the results obtained from the MTT assay for the commercial preparation Seal & Protect (Dentsply) and the experimental formulation indicates that the experimental formulation had a significantly lower cytotoxicity before polymerization in comparison with the commercial formulation, regardless of dilution.
The process of polymerization has a positive effect on the results of cytotoxicity tests of both formulations tested. The mean cytotoxicity values of both formulations achieve a satisfactory value of less than 22.6% ± 8.1, depending on the degree of dilution and the observation time.
The experimental preparation has greater uniformity of results.
The commercial preparation Seal & Protect (Dentsply) has a greater variation of results depending on the time of observation, dilution and used test. However, cytotoxicity values are slightly lower when compared with the experimental formulation, as seen in a test after 24 h at the dilution of 1 : 10 and 1 : 15.
Discussion
Cellular cytotoxicity assays have been used since the 1970s of the 20 th century to assess the toxicity of bonding systems. Immortalized cell lines are used for that purpose, with many years of breeding cycles which allowed them to acquire traits of homogeneity. On the other hand, heterogeneous cells sampled from tissues of the oral cavity are tested, which have a short survival time and heterogeneity. The situation in vivo is generally better simulated by the second cell type. A variety of indicators showing potentially toxic components or substances full in their composition are analyzed in the assessment of cytotoxicity. These include: changes in enzyme activity, changes in cell metabolism and structure of nucleic acids, changes in cell morphology examined by light microscopy or electron SEM, the level of inhibition of cell growth and proliferation (ED 50 -effective dose inducing a 50% decrease in cell proliferation).
2 Bacteria inhabiting the mouth are used in the microbiological assays. They, or their mutated forms, often have a cariogenic potential. Some authors use the strains of Streptococcus mutans to evaluate the influence of composite materials on various microbial metabolic effects. 5 Genotoxicity and carcinogenicity are very important parameters to be taken into account when assessing the impact of dental materials on living organisms. Genotoxicity is assessed based on the activity of nucleic acids transformed under the influence of test substances.
During in vitro tests, genotoxicity is assessed separately for prokaryotes and eukaryotes. Amesa is an important bacterial test, while HPRT and chromosomal aberration assessment test are recommended eukaryotic tests. 6 In that context, the research of Ratanasathien et al. is often cited. They independently studied the components of bonding systems and their influence on Balb/c 3T3 cell colonies. They found an increase in the cytotoxic activity over time and related to the composition of the resin, which allowed them to create a list in accordance with the severity of cytotoxicity: Bis-GMA > UDMA > > TEGDMA > HEMA. 3 TEGDMA appeared to be the most toxic component, which completely stopped the growth of the cell line. Two products containing EGDMA, TEGDMA demonstrated lower cytotoxicity, as well as HEMA when tested in lower concentrations. Those authors argue that 2 factors: The time of exposure and the interactions between the components of bonding resins: synergism, addition and antagonism, determine the cytotoxicity of these formulations in vivo. 3 Abou Hashieh et al. studied the cytotoxic effect of 4 adhesive systems to dentin cell filbroblasts of line L29. Each product was tested using dentin samples with high and low flow. Generally, all of the analyzed systems proved to be more toxic when used in a sample of high dentin flow. These observations confirm that the dentin barrier plays a key role in immune defense against the possible toxic effect of the adhesive resin. 7 This constant controversy revolves around the discussion that the cell lines are best suited to evaluate cytotoxicity. Groble et al., 8 as well as Wataha 9 and the previously mentioned Ratanasathien et al., 3 used murine Balb/c 3T3 fibroblast cells whose sensitivity is similar to fibroblast cells of human dental pulp. In the available literature there are relatively few reports on the cytotoxicity of compounds that reduce hypersensitivity of dentin. 10, 11 Sengun et al. studied the cytotoxic effects of those preparations on the fibroblast cells of gums. The results demonstrate that cytotoxicity depends on the chemical composition and exposure time of tissue to the tested materials.
11 Camps et al. found that the cytotoxic effect depends on the thickness of preserved dentin. Zero to 12% reduction of viable fibroblasts was obtained for a 0.5 mm thick dentin after application of self-and photopolymerizable desensibilizing compounds without their polymerization. 10 Wiegand et al. investigated changes in the cytotoxic effect due to the varying thickness of dentin and used mouse fibroblasts assessed after 120 min from the application of materials. The cytotoxicity test was performed on the lines of immortalized mouse fibroblasts. 12 Those authors also noted that the producers of compounds which reduce hypersensitivity do not give the full composition of these preparations, which makes the assessment of toxic effects of the individual components difficult to interpret. 12 Disclosed or undisclosed ingredients may interact synergistically: Additively or antagonistically, and the effect on cytotoxicity may be also influenced by additional ingredients, such as triclosan, photoinitiators or glutaraldehyde. 13 In the present study, a test based on measuring the mitochondrial dehydrogenase activity (MTT assay) was used. The obtained test results confirm the advantageous characteristics in relation to the relative cytotoxicity of the analyzed preparations. The polymerization process, the time of observation and the dilution favorably affect the cytotoxicity values of the two tested formulations. The experimental formulation achieved a greater stability of the results, while the commercial formulation Seal & Protect (Dentsply) had greater variation, depending on the time of observation, dilution and assay employed, but slightly lower results of the cytotoxicity assay when compared with the experimental formulation in tests carried out after 24 h, at the dilution of 1 : 10 and 1 : 15, and after 7 days. Mossman, who developed the MTT assay in the 1980s, reports that the level of formazan generated in the MTT assay is dependent on the number of homogeneous cells that did not undergo necrosis when affected by a toxic factor. The activated cells produce more formazan even if there is no process of proliferation. 14 The next step includes a recording of data with use of colorimetric methods. The reduction of MTT to formazan occurs in all cells used in the test.
14 This means that the activity of mitochondrial dehydrogenases determined in the MTT assay may be decreased due to increased mortality in the cell culture. However, at the same time, it may be increased by the activation of all cells, including non-proliferating ones. 15 Among the colorimetric technique, the MTT assay is the most laborious but at the same time the most widely used quantitative method to identify the cytotoxicity of the tested substance against given cells, 14 including tests of cytotoxicity made on dental materials. 16 In damaged metabolically impaired or dead cells, formazan appears in smaller quantities or not at all. Changes in the levels and enzymatic activity of succinate dehydrogenase in the MTT assay are reflected in the measurement of absorbance. The intensity of the color of the solution is directly proportional to the amount of product formed and indirectly to the number of viable cells. While using the MTT assay, achievement of reliable and reproducible results requires precision at all stages of laboratory testing, with particular emphasis on the final step involving the dissolution of formazan crystals. 9 Therefore, it can be assumed that the MTT assay results may be subject to errors resulting from the need to perform the experiment during the stage when the nutrient medium is exchanged with the substrate containing the analyzed compounds or when the substrate with the tested formulations are replaced by the MTT reagent. Since the cells are impaired as affected by a cytotoxic substance (in the case of those preparations used to decrease hypersensitivity of dentin), they easily detach from the substrate base. The smaller the cell adherence, the easier it is for it to be affected by an experimental error. 15 Extraction of polymerized substances was tested in a number of experiments. 17−19 The question if cell lines are the most suitable material for researching cytotoxicity in dental polymer materials raises continuous controversy. Some researchers prefer 3T3 mouse cells, as their cytotoxic effect has similar increase patterns as human fibroblast cell lines. The following compounds and materials have been tested: Scotchbond and SingleBond (3M ESPE), Prime & Bond NT (Dent sply De Trey), Xeno III (Dentsply De Trey), Clearfil Protect Bond (Kuraray). Those materials contain potentially toxic ingredients in various combinations. HEMA is considered to be cytotoxic even at low concentrations (0.5 mmoL/L). 20 Huang and Chang, as well as Huang et al. obtained similar effects using extracts from bonding systems just after photopolymerization and after 16 weeks since their polymerization. 18, 19 A number of studies also analyzed binding systems and their effect on the bacterial culture in relation to: the light-curing conditions and their potentially influence on the conversion rate 21 or the level of dilution. 22 Non-diluted extracts had a greater lethal effect on cells than diluted extracts. 21 Materials which did not undergo polymerization have a stronger cytotoxic effect than polymerized ones. 23 Estimation of biocompatibility of a given material is not simple, and measurement methods are rapidly evolving, as more and more is known about the interaction between dental materials and oral tissues, and as a result of improvements in testing techniques. It is extremely important to be aware that the most accurate and effective way to evaluate biocompatibility of a new material by means of a combination of various in vitro techniques, tests on animals and clinical application tests. That con-cept assumes that no single test is adequate for a complete evaluation of the biocompatibility of a given material and the evaluation of biocompatibility of a new formulation is a complex, multi-stage and multi-directional process.
